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There is increasing interest in left ventricular diastolic func- 
tion, which can be profoundly influenced by many disease 
states, such as hypertension, hypertrophic cardiomyopathy. 
infiltrative cardiomyopathy and ischemic heart disease. In 
some of these conditions, altered diastolic filling of the left 
ventricle is the principal functional abnormality and is re- 
sponsible for the patient’s symptoms. 
M-Mode echocardiographic techniques. Since it was first 
developed, echocardiography has been used to study left 
ventricular filling. The initial widely accepted clinical appli- 
cation of echocardiography was the M-mode appearance of 
the mitral valve in mitral stenosis. Edler (1) observed that 
normally the mitral valve opened abruptly with the onset of 
diastole. closed rapidly during early diastole and then re- 
opened with atria1 systole. This early investigator noted that 
with mitral stenosis this closing pattern of the valve was 
altered. and the anterior leaflet of the mitral valve no longer 
closed rapidly in early diastole. This finding, which was 
measured by the rate of mitral valve closure or the diastolic 
E to F slope, was believed to be diagnostic of mitral stenosis 
and was quantitatively related to the severity of the stenosis 
(2). 
The mitral E to F slope proved not to be specific for mitral 
stenosis (3); this altered motion of the mitral leaflet essen- 
tially reflected left ventricular filling. Reduced E to F slopes 
were found in other disease states that were characterized by 
reduced left ventricular compliance (4,.5). Thus the M-mode 
echocardiographic mitral valve E to F slope was one of the 
first clinically useful measures of left ventricular filling. 
Another M-mode c~chocLlrdioXraphic ohsertwtion that 
M‘NS related to diastolic left ventricular firnction was mitral 
wrll~~ closare ajier atria1 systole (6). Normally, mitral clo- 
sure is initiated by left atria1 relaxation and is completed with 
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left ventricular systole; closure of the valve is smooth and 
uninterrupted as atria1 relaxation blends into ventricular 
systole. However, when left ventricular diastolic function is 
abnormal so that atrial systole produces a marked increase in 
left ventricular pressure, closure of the mitral valve is 
altered. The rapid and excessive increase in left ventricular 
pressure produces a tall left ventricular diastolic A wave on 
the pressure tracing. As a result of the tall A wave, the left 
atria1 and ventricular pressures equalize before ventricular 
systole, producing a brief interruption in mitral closure. This 
finding is exhibited as a plateau or “B bump” in the mitral 
valve before ventricular systole. Such an M-mode pattern is 
equivalent to a tall A wave on the left ventricular pressure 
tracing, which is usually responsible for the high left ven- 
tricular end-diastolic pressure noted in many forms of heart 
disease. Although the echocardiographic tracing initially was 
thought to have some quantitative value. its significance is 
mostly qualitative. 
Lcfi ~vntricrrlar jilling cat1 also hc rlwluatrd ,iith M- 
mode ec,ho(,trrtliogrcrphv by noting the motion of the poste- 
rior /q/i l~eutricalar ~ul/ (7). In the normal heart the posterior 
left ventricular wall expands rapidly in early diastole and 
continues to expand gradually throughout the rest of dias- 
tole. In patients with constrictive pericarditis or restrictive 
cardiomyopathy, the rapid early filling of the left ventricle 
stops abruptly and there is no further expansion of the left 
ventricular wall. This filling pattern may also be reflected in 
the mitral valve by a very rapid early diastolic E to F slope 
with an abrupt cessation of flow shortly thereafter (8). 
Some of these M-mode echocardiographic techniques for 
evaluating left ventricular diastolic function can be amplified 
by examining left ventricular function during isovolumic 
relaxation (9). The M-mode tracings also can be digitized, 
thus permitting one to measure the rate of motion of the 
ventricular walls (IO). 
M-v&r. and later two-tlirnensionrrl. Pchoc,ardiographv 
also pmidc a11 assessment of left ventricular 1~x11 thickness 
or IIIII.S.S (I I). Many of the clinical conditions that produce 
abnormal filling are associated with increased wall thickness, 
especially out of proportion to the cavity size. Because of 
the ability of echocardiography to measure the thickness of 
the ventricular walls, the technique provides the clinician 
with the opportunity to appreciate the anatomic basis for any 
abnormal left ventricular filling. 
Diastolic function assessed by Doppler echocardiography. 
Doppler techniques have renewed and accelerated interest in 
the echocardiographic evaluation of left ventricular diastolic 
function (12-15). The motion of the mitral leaflets indirectly 
reflects flow through the atrioventricular valve and can be 
influenced by pathologic states involving the valve itself. 
How the mitral leaflet moves can be influenced by whether 
07:r. to97~x9/s3.xt 
1028 FEIGENBAUM JACC Vol. 13, No. 5 
EDITORIAL COMMENT April 1989: 1027-9 
the valve is scarred or is unable to open completely because 
it is striking the septal wall. Doppler echocardiography 
provides a direct assessment of blood flow within the heart. 
With pulsed Doppler ultrasound it is possible to observe how 
blood is flowing from almost any place within the cardiovas- 
cular system. Thus it is not surprising that investigators have 
been excited about the potential for Doppler echocardiog- 
raphy to further our understanding of diastolic function of 
the left ventricle. 
many practical difficulties in using any of the currently 
available measurements of left ventricular diastolic function. 
As indicated, diastolic function seems to change with age. 
As people approach middle age, left ventricular filling 
changes from early to late diastole. There are more sophis- 
ticated measurements of left ventricular diastolic function 
other than the simple E to A ratio, but they all seem to have 
the same problem in that aging influences how the left 
ventricle fills. 
Present study of diastolic function in cardiac amyloidosis. 
The article by Klein et al. (16) in the current issue of the 
Journal is an excellent example of how Doppler echocar- 
diography can be used to evaluate left ventricular diastolic 
function. In their review of a fairly large number of patients 
with cardiac amyloidosis the authors found two abnormal 
patterns of left ventricular filling. In patients with early 
cardiac amyloidosis they noted that initial diastolic filling (E 
point) was reduced and the filling velocity secondary to atria1 
contraction (A point) was increased. Thus the E/A ratio was 
reduced. This is a fairly common pattern of left ventricular 
filling and is found in many disease states that alter left 
ventricular diastolic function. Unfortunately, this pattern is 
also noted in apparently normal older subjects (17,18). There 
is considerable overlap with normal aging and pathologic 
diastolic function. Both conditions produce reduced early 
and enhanced late diastolic filling. This overlap between 
apparently normal aging and pathologic states diminishes the 
clinical usefulness of the reduced E/A ratio. The changes 
must be markedly abnormal or any suspected pathologic 
ratio must be corrected for age. 
As was done in the study by Klein et al. (16), investiga- 
tors are trying to improve our evaluation of ventricular filling 
by recording blood flow in the pulmonary veins. Noting the 
relation between mitral flow and pulmonary vein flow im- 
proves our understanding of how blood flows into and out of 
the left atrium. Although pulmonary vein recordings are 
technically difficult and will not be possible in all patients, 
they clearly add a new variable by which to evaluate how 
blood enters the left ventricle. Similar observations are being 
studied regarding right ventricular and systemic venous 
blood flow. We are definitely making progress in our ability 
to evaluate diastolic function of both ventricles. Many 
practical problems undoubtedly remain and numerous ques- 
tions with regard to the mechanisms of diastolic function are 
unanswered. Nonetheless, as we gain a better understanding 
and more practical methods of assessing left ventricular 
diastolic function, we will clearly improve our ability to 
manage this important aspect of clinical cardiology. 
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